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(54) MAGNETIC RANDOM ACCESS MEMORY CIRCUIT 

(57)Abstract 

PROBLEM TO BE SOLVED: To enable performing highly accurate 
and high speed read-out by preventing destruction of bias effect and 
tunnel barrier when voltage applied to a magneto resistive element is 
kept at a low level and a tunnel type magneto resistive element is 
used as a storage element. 

SOLUTION: Potentials of all connected sense line 121-124 and 
potentials of all work lines 133, 136 being not selected are kept at an 
equal potential, a selected work line 134 is grounded, a capacitor 114 
previously charged to high voltage is connected to the sense line 122 
through a MOS transistor 1 18 as a voltage drop element, and 
capacitor 1 14 is connected to them so that the capacitor 114 can 
discharge charged electric charges through the MOS transistor 118, 
the sense line 122, a magneto resistive element 142, and the word 
line 134. 




<•»•«•««•<•• llf.ll>((«t<«<l«MMKt>M'"l 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner s decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner s decision of 
rejection] 

[Date of extinction of right] 



12.08.2003 



Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAAbEai3ZDA41 3325791 P... 2005/1 0/1 9 



(19)B#3*$1W (J P) 



«» & m & 1* & fg (A) 



#182001 -325791 
(P2001 -325791 A) 

(43)&W0 ¥lfcl3^1U322B (2001. 11.22) 



(51)lntCL 7 
G11C 11/15 
11/14 
HO 1 L 43/08 



F I 

Gl 1 C 11/15 
11/14 

HO 1L 43/08 



Z 

z 

A 



&&m& mtmvmo o l (^ m id 



(21)ffl§3## 



(22)^0 



WR2000 - 142361 ( P2000 - 142361 ) 



¥/Sl24£ 5 £15 0(2000. 5. 15) 



(71) mm A 000004237 



(72)«Wt ?3ffl 



(72) «^ gfcffl 

JfcSCSi§K2HTB7#l^ 



(74)ttSA 100108578 



mm (^3*) 



(54) [3S9i<Z>*«] «a^>^AT^-feX^^UHK 



(57) [fijft] 

— 1 2 4£jMJR£ftTt>frlv£TcD7~ F«l 3 3, 1 

»1 34#Jgfl!i34 v u *6^C»iK«IE(C3lE«3nfc3 
>7=>1M 1 4aHz>X«U 2 2(C«flEI»T3R J F-<!:L"C 

>1M 1 4^f]5^MOS h^>^*£ 1 18, -fe 
>*jgl 2 2, fi&flfifiuR^- 1 4 243J:C>'9-K^1 3 



,102 



153 



101-^-1 Y-decoder 



107 



109 
117 



154 

i 



^IIO^ 
3t x 113 
118-^ 



155 

- 1 



5 



1111' 
3C X 114 



119 



106 




103 



156 



112' 



137 



T41 



145 



f\ 

M49 

M21 



120 



\ 



a; x ii6 



ft 



13B 



142 ; 



ft 



146 



*T 

v 150 
M22 



it 



39 



143 



147 



^7 

M23 



-133 



140 



134 



144 
/I35 



148 

136 



ftf- 

M24 



-104 



•105 



1 

^-t2^^^y@K«:ijc>r, rngtzftx^z-r^xo-t 
<mcti, fr-^mvizftx^zy-Fmifimmzft. $> 

t> C miEE <£.3zm 3 ft tc n > 7 s > -fe > ^ ftct ^ 

4#®<tTS®M5>yAy*ir*>*';[n]S8 0 
t/U^xmSM^t, Y^ri-y£^^»(E>-k>;* 

xmic^ti^timmzftzzsic. m^mkm^r^ 
jiKtcmnzfttctfrr u t tMsn/cai7>^ 

l^WS^L/tSKDMOS h^>^** tectum 2 

KOMOS h5>i>XZte J £<D— m*&~te>xmc. fft 
^#02<DMOS h^>^*£CD— S^C, y-P# 

^n^ff^Bcc^n-ens^^n, g2©Mosh7>^ 

ffiKStl, mi CMOS h^>^**:feJ;tflS2CDMO 

mmicfbi'p?*. m>icmmt&2fttcm3<DMos f 

<7 > y A T # -te * ^ * 'J HI 38 . 

m%<D7-z%$mirz>&m'tefr£ztix. ts&**& 

> y Ay * -fe x ^ * 'J @gs 0 

[fS3R^4 ] »»©XjaiaHKSI*J:C«t»<Z)-b^T 
^^TU^tCWLTY^rJ^^ftjMtC^^n, & 

-fe^l/T u^&c*>ivc4>fr< <b*> 1#«±cd«7- F»<b* 

©9- F«ijSHr4S-fe>^«<!:©mcC#^'feil/4!:a 



(2) #182 0 0 1 -325 79 1 

2 

&ta*P 6 «c £ # BB-fe t ©SfitafiSKSSfc feW<ga 
331 2 (CiBiSOffi^ 7 > y A y * -te * y * »; @&„ 

cxm&xjaiaiaiBaBi, Y7*3-y*s#ffiK<D-fe>;* 

ffi^JSftfc-fer^y u >r £-rfl|j£3 > yAy * 

st^. hicYf^-pmmflAjjztixm^ 

CDMOS Y^^is*Z*:ftl,Xi&Wi$ft. 2 hicmi <D 
20 MOS F^>^X^*sJ:0'^8(DMOS F5>S^X£(D 

os h7>^^^iti2>^waii. mi<o 

p>7*>-?£I&5(DMOS F5>^X^<hCDSMaWsi: 
O r ^200^>7 :r >1f<!:^66[>MOS F^>^*£<h<D& 

-cii. xr^-yft-^^y-h^ibrai^cfflMW 

uzmttz. m^cm^m^fttcmi o ©mos f^ 

^JOfcJcO'm 1 CDMOS F^^^X^OS^SB^ 
30 -»tt«Wtc8B»3ft, mi l©MOSF7>^^ 

txx c >z c t t *r ^ li^ii uamvmm. ? > # 
Ay ^-fexy-tviiigSo 

[IS^ig6 3 -b>x|g(7)^{4^-S^omi ©mo 

3cdmos f^>^x4? % *>u<«-ene>p*(Dmio 

MOS F^>> ? X^fc<fc^3CDMOS F^>i>X^<7) 

*j«s«iap ztiZxZ^tcLtctt t?z 2 

Tj^m&iM 4 <d 1^ -r ft cc iatsoa^ ^ > y a y ^ ^ 

[ft ^7 ] -fe>X^CDm{4€:-5E^Som9<DMO 
Sh7>^^, *fc««7-F»©«fi[*— ffiCC«-^» 
1 0CDMOS h7>^^, ^L<«-en6M^^9 
CDMOS ^^^1 OOMOS 

^CD^y-FCC, *KI*tl4H2>X«*fc«'7- Fft© 

50 «tti*ttltr*ttlWtt^6««8n*»fl»BISO 



(3) 
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m 5 tc&SSXomm? > $ a y * -fe x y * y @ffi 0 

m 7 CC^ISCD^ 7 > ^ A T * -fe 7s * * V @ ffi 0 

mm 5 > y A T * -tr * ^ * y @ 58 . 

mm? > * -fe * ^ * y [njffio 

[0 00 1 ] 

^eyielSS. nicmM7>#J*T ^txy^eu (Magn 

etic Random Access Memor 20 
y. JUT, MRAMil^) HlKtcM^-So 
[0002] 

«. *<Dy*y*Jl/tt«»H*4C*«*Blia*l*^c— 
y-fe;KDtt»4#*8S^43ft«)Cc. 7-F«*itr-^h 

^ecctowffl«fco^*tt^isR»ii*^*y^i/CcEpsn 30 

[0003) 11 L"C, *gHt*lF»5 7 4 8 5 

19-^fccfc^IEEE Transaction On 
Components Packaging and 
Manufacturing Technology 
-Part A. Uol, 170, No. 3, PP. 3 
7 3-3 7 9&c v Ete^^iUrB^tfflffllJSCBft* (G 
MR : g i an t magneto-res istiv 
e) m*Zmi,>tcMRAM®&&m^2tiXl<>2> 0 C<0 

^127 1/^6 0 5, ^n-y-caaff^-^e 0 

2fc<t^Jf r rJ-^6 0 3*5<J;tfifcKg6 0 6 J:0»fiR 
3ft& 0 0 2 chFiJf^-^G 0 3», T F 

i/xvu6 o i cc-en-eti«^$ti-ci^o hitu-y 

6 0 4*i<tO«27U-f6 0 5©^©-3JttR*IBl; 

hrt»s. K*mu«FCc» % ai7u-f6 0 4*j<ta f a so 
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27l/>f 6 0 5(D5R^OSJR$ti/dfK:^%iSl/. £ 

[0004] m2<ommmti,x. *@^t^5 6 4 

03 4 3#tC, F>^8afiti(TMR:tunn 
el ing magneto — resistive)! 

^«©35J *«C— 0(DEtt-fe^*iB * y r U -f * fe 
oMRAMiagS^m^tiri^o COMRAMHK 
H8tC^TJ:^tC s !ff r n-^7 0 1, 70 2i, 
Wf3-iT7 0 3 t 7 04i, Cft^CCttUdtlftAiA 

£?)#fiR3*Vtl>4. C<DMRAM[s]8Ste, ffitt««* 
[0 00 5] 

jt^J««OKt6*^Ofifa*il:»*iair4. COffif/ttC 

9^^(DifAfeJ:^[iISffiSOttA^m< & CO RHUS 
[000 6] »2©se*ftJBrtt#ffitt-fe^«:y>f 

y-/*-F*&t>»F^>^^^*fllAteKtt-fe^ 

ncD«MOB0i^ft£«*JBT««i»3»s«D. Sir 
Sfc, HUW&GMR^'Ctt, BHCCWCC 

K^ffiLHffi (-br>XT>7-) aKfiW^fti. 
[000 7] $^(C, Journal of Magn 
etics Society of Japan, Uo 
1. 23, No. 1-2 V PP. 5 5-5 7CC^6tl 
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it) &m>?z. cnit - Mac* a rxsh&tmt 

temfra\L\39&fr<&m±%:2>* £/c k Journal 
of Magnet i saiand Magnetic 
Materials Uol. 1 98- 1 99, PP. 
16 4-1 6 6tj;£Vl&'<t>tiXl,>Z>J:5tC^ m^V > 
* )Vj < V T >X I »4 T M R ^T-CDMJg K ^ t ft«EE 

*^wscitt, h>*^yT*«f5k j»«c^frffl[« 10 

[0008] * *^±T©»W«ctt??-r4tt 

- 1? ><dki»h»7 > r * -fe * ^ * «j ismzmm? 
7***^*y@B*««-r*c£*BW£'rs. $6 

[0 009] 

>*a<t -7 - FttOS j&SCcffl»fctt*^ # 2 xXtcT U 

^ttcctt6^&n/fc«a7>yAT^H2^^*yiaBtc 
t^cd^r cd»7- Faoatibvvix men. fr-omiR 
« s ti/c 3 > f^a* -fe > xaccaEBT*^ */r its 
>*a> sBasstfaR^-fcjitf^-Fisi^Lraw?!* 

[OOlOl^fc $^(cM^i^7>^A7^t 40 
x^yBBtt* Xf3-^*Sa©7- Ka#B 
OTH*Xffl2BB8B£. Yf^-ySrd^aSfcD-te^X 

a^H^msYaiaHBsapi, m&v- Fa<t-fe>*a 

©£3L*fc;tel»T. — «W«7-F«*C. ffi»#-fe>xa 
2-te*y*yBB0c*5t»T. Y«iai5lKIBT?«, SCHC 

os h^v^^^^-bv^a^a^ij^^nr, mi 

CDMOS h^>t?**W:*CD— ijfrF-J&i Hz >*a«C, ffiJg 50 
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mmsst^tx^nmm^ *v S2©mosf7>^^ 

^«-eo-S^mi©MOS h^>^X*<D—2S* 

<c. fM8^«««:. y- h^Y^n-^astc-eti-en 

BSrci*. x^a-yft^y-Fflreiors^cca 

9-Faecsasn. »3©MosF7>^^©fta 

tt«SR«cJ8«3ft % ^4comos h^>t?**(DteJ8tt 

[0 0 1 1 ] **W^C^*^»Sv^>yAT^42 
xy*y@B« % 0-© , 7-Fa*Jj:cmft-r4 23jc<D 

^^^an^cmoatsuBi^^Awasti. samfiia 
[0012] **i8tc^^»m^>yAr^-fe 

7 w# YB2HB8MCS* *n^ti»»eciBS3 

*V S-fe^TU-ZRlStfLTY^a-y^ilJcattS 

ii^7- Fatsas-r**-b>xai©iBcc#«i-fe 
Maatss^^ft^Ea-fe^i. mo^wu^ 

[0 0 13] *^c, *»WK**>*»a^>yAT^-fe 
^^^VBBIS. X 5*3 -Fa#H 

cxtH^x^aiDiBaJi. Y^n-y*****©*^^ 
a^^s^tHSYjaiaBBSUi, B?E9-Fat-fe>^a 

-fexy*yBBcc^c> , r. YaiaHBautcw. #-fe>^ 

i<D^>T>Vio£&m2<Dzi^7^*frisX<£ti j e 
txmt&zti. *n-e*i©y- hccY^n-yfi^A* 

3n-Sm5<DMOS h^>^*£:teJ:0*m6<OMOS F 

&=f-&. #y- hccY^n-yft^A^snrac^cc 

(DMOS h7>^^^ltSM3n, se>ccm7<D 
MOS h^>^X^fcJ:0'm8<DMOS F^>^X^CD 
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OS b5>isXZZftlsXte>Am&&VtiiL, m\<D 
^2<D3>f>ti^6(DMOS hv>i?X2±<Dt£ 

twrr*. ~sx^m3imm^t\tcm\ ocdmos 

V>AZto&zm\ 1 ©MOS h^>^;0<D&iglSP#& 
9- K^iS^^tl, I10<DMOSF7>^^©~ 
3gtt®H«:Sa&3*i, £6*cgU 1CDMOS h^>^X 

[0014] £/c k $^^^7>^7^ir 
OSh7>^^ t * /c» -7 - KttOttttfr— Steffi 

iio©Mosh7>^^ t>o<«-ene>M^cDm 

9CDMOS h^>^*£*$J:t>*atl 0CDMOS h^>^ 
mtiL <t 4 itHM" £ Jt«Sfc 6 » $ tl £ iHffl]|II%® 

[0 0 16] *»9H«c*>*»*aB^l^>^T^-fe 

K»(o«ti*»u<-r*/c8t>«: 1 

EEf *«tt*Wr * C i t«ftiT4. 

[o 0 1 7 ] $^(cH^ia7>^r^t 

[0 0 19] 

«coc»r»wr*. bib, *»wofi8a^>yAr^ 

•feX^'j («T. MRAM<bl>5) @88*7j*U CC 
"C«, — mtl,X4 X4 tf» hOMRAMiB^U/c 
fflifeCCJEDrmxn^^ h©MRAM@B*«jaEr 
B*Sl/fcJ:9K:. *#6^<DMRAMI§I««:, Yf 
^y(Y-decoder) 1 0 1 £^tf YJ§2[iI&g 50 
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102, Xf3-y(X-decoder) 10 3^ 

tfXj§2@Bi 0 4fcj:o*^7u^ i ostmmi&z 

[0 02 0] YS20K1 0 2tt* Yf3-^1 0 1 
<h. y- h#Y7=n-yi 0 1 KUgg&Sft/cMOS 
>^^^109-1 12, COSMOS h5>^*£ 1 0 

9- 1 1 2ccs^$n/cm®i o 6, y-h(c£««E 
an o7*^onaj*j««sn/cMos h^>^*# 1 

17-12 0, Km&W&Z titers \ 1 3-1 
1 6-Ct&j£3*lTl>£. MOS h^>^X£ 10 9-1 
1 2 <bMOS h^>^X^ 117-1 20fcJ:^3>f 

>*i i 3-1 i 6ti-en-etist^cs«t5nr*$o, 

cne>OSSl*K:«. aV^-H 13-11 6CDm{4 

£tfctB*f£/c#. bu^si 5 3-i 5 e&stuftaoui 

17-12 0 ©ft*©qRPfi!»«ia«, ■feJl/r U-f 1 0 5 

c9-fe>^^i 21-1 2 4^^ti^ngi^3nrc^ fl 

[0 02 1 ] X^ffllHlffil 0 4tt, Xf3-yi 0 3 
<t, y- F*«Xf3-y 1 0 3(C^$n/cMOS 
>5*** 1 2 9-1 3 2, Cft<b*§fftCSbfE3-£MOS 

h^>^X£ 1 2 5- 1 2 8, MOSh7>^^12 
5- 1 2 8«C«3»Stifc««l 0 83^6«lSSti4. M 

os i 2 9 - 1 3 2 <d— jfo^tmmmt 

Jg»3*l, MOS h-7>^X* 1 29-1 3 ZCDifofrO) 

MOSF7 £12 5-128 «fl 

^ 1 0 5©9-KiBl 3 3-13 st^ti-etimmzti 

tl^„ 10 5», ^>Xil21-12 

4, -7- FStl 3 3-1 3 6fcJ:W»««ta*-T-l 3 7 
-15 2 -CM?n^ e »«aaS*F> 1 3 7 - 1 5 2 « 
-fe>X& 12 1—12 4&»7— 3 3 — 
1 3 6<D£*CCBBK3ft, -fe>X)^l 2 1-1 24i9 
- K«l 3 3- 1 3 6(D^iC}g^$nrC^ e ftfc, 
fiBaJKa*^ 137-152itrh Jl/SttjRfi!a 

[0 02 2] MRAMlIB*^««aBK:*5i*K:« % 
MOS h^>^X£ 10 9 — 1 1 2(i^>R?|{C^or 
n>7 r >lM 13-11 6{i^t?n, m^fi] 

(v 00 ) teas. H«tc, i 3-1 

1 6 ig^^nrc^Mos 1 17-12 

0OA*W^S©«fl*WEE (V 00 ) -C*^ 0 *fc. C 
COi^T, W*3»l 5 3-1 5 6tCfc0«©«EV DO *S£ 
Ctt^ 9 MOS h^>^X^ 1 1 7-1 2 0«, -fe> 
^« 1 2 1 - 1 2 4 4— ^{SmBE(C^-r ^/c^tCiS 

we>n/cMosF7>^m^ Mosh7>^ 

* 1 17-12 0 ©tftfjIKKDWE (V 5 ) tt, Sm^E 
»10 7©Mt51iSE(V r(r ) MOSh7 

i i 7-1 2 o©»ffi»tt-ci&«>e>n*— 
(v drD ) r^s^n. Mosh7>^x^i 

1 7-1 2 0OX*«O«E (V 0 ) a^KMUTfrtilA 



t 



fflKD«E <V S ) v 5 , v rer , 

v s =v r . f -v drw 

<Dmmtf8.*)±LL stot, -r^rcD-b>xi©i 2 1 - 

1 2 4te^mffi (V s ) tttSUt&S. 

[0 0 2 3 ] MO S h^>is*Z 1 2 5-1 28 £MO 
S 1 2 9-1 32«, Xf3-^103^ 

fcoflWfcjtc-c. tastcsb^r^o mramhss^ 

«ttlB«:*£B$«:«, MOS h^>>>;** 1 2 5-1 2 
8#*>LT:fe9, MOS h^>^X£ 1 2 9— 1 3 2 
tt*7#y&r&£. C(D^, 1®108<!:7-F813 10 
3-136&. ^ft^ftMOS h5>>>X£ 1 2 5- 1 

2 8£:ftOTjg&3nT, -fe>XigU 2 1-1 2 4<h|5] 
«fC, -f^T<D9-Fi{lU 3 3-1 3 6(mfi (V 

[0 02 4] 9- F&ll 3 3-1 36^>^il 2 1 
-1 2 4iflfiOV s CCffiofcfeCCtt. l^^J 

&##*.<e>*i&o attack*:, mt*. sicctec>Tm 

il08TV s £#;t£t <L(Cj:9, 9-KS133- 

i3 6^v 5 tc^o^pjfig-e^^o ^Jo^ffiior 

«, MOS h^>^X# 1 2 5£>y- htC^bri^ 20 

MOSh7>^^ 1 5 8£NS*MOS F^>v?X* 1 
5 9 £frt>mf%ZtiZ> 0 COm^s PMMOS 

a* 1 5 8<Dv-zmmtmwEBi o 7*«»u 

MOS h^>^*# 1 2 5<Di!ffi^tttCj:9, -fe>*ia 
12 1-1 2 4<tPH$CC7- Ftftl 334V 5 CCfigO^ 
jOTItBia*. Ctl&»7-FftU 3 3-1 3 6£V 5 

[0025 ] OT;U2^&fftR?» 1 4 2 CCfi^S 

jr-^-i 4 2«-fe;ur u>rcD2tf 2jucc{aauri»4. « 

DfeCC, Xfn^l 0 3 3^6©fi#«:J:0, MOS b 
vlsVTs* 1 3 0#*>CC&9, cn<hI^»$CCMOS h 

1 2 6 a**? £#4. ffcor2?TB<D?~ F 
HR1 3 4UMOS h^>^** 1 3 0£/M>r&i&£ 
ft. 11106, MOS h7>^^ 110, MOS b 

118, *fe>X^l 2 2, S^fitBR^l 4 
2, MOS h7>^^ 1 3 0 ©JIB 

ttstiTo&anoKinaR^i 4 1 , 143, i4 4cc& 40 

[0 02 6] CCt'l^OU, T^t0t>Xil2 
1-1 2 4«MOS h^>>>*£ 1 1 7— 1 2 OK J: 

0. mm®. (v 5 ) ic^/cnTc^c<h<b, »!rs*vc 

l^7-F«13 3 v 1 35, 136fc, ^ft^ftM 
OSh7>^^ 1 2 5, 1 2 7, 1 2 8tCj:0,^m 

2 1-1 2 4tc^n-enmEEV s *s 50 
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jzcraffisusts*?- 141-14 4<oimt&fct>®&z 

[0 02 7] 2ff@©7- Fi® 1 3 4<D®ftK£H>-C, 
Yf^-^l 0 l<D^6CDfI^CC<fc9 2£U@<D-fe>Xi& 

12 2#jIiR3ft5„ C(DB#, MOSh^>^X*ll 
Ote^iftt), 2^JgCD-b>^^l 22»1£1 06 
fr6^9gti*ft&#, 3>f>lfl 14^1?n/d 

S&ftfglS^l 4 2Kttat^#fifcft 
o~W£o C<Diffe3l> riV^tM 1 4fc£D£^ffi, 
T&*>^, MOS h ^>e^X^ 1 1 8CDA^®J(Dmff« 

ffi;T-r&#, MOS h^>^** 1 1 8<omt}M(Dms 
(V s ) «mf^L/cct^(c (l ) jSvmjZttWhtiZtc 

sifter. — s*c«fcn*. coit, t t^ra^© 

rOf^lf 1 1 4(C£Cn11EEOI$fg^fcV 0 ( t ) 
te> OT1EV B0 , ^>r>lM 14cr)gfiC, -fe>* 
gil 2 2&C«Ett£mi£l 5 . MOS b^>^** 1 1 8 
<Dffi^lBlCDmi£V 5 ^0'M0SF7>^^1 18© 
fiffifcta£*S-fe>X»l 22, BB^igStfR^ 1 4 2 , 
9-F8134, MOS h7>^X^f 1 3 OOStimtn 
RZm^Zt, (2) ^CC^-Til^i^^c 

[002 8] 

[»1 ] 

V D (/) = V*, -1 flgd*- Woo » <2) 

[0 02 9] (2) ^(C*L^c<fc^(C, n>7*>lM 1 
4 &c£D 1 4 2 ©fiin 

tciO^k^Sfc*. r&*>^, 1 4 2 

>1fl 1 4<DmjE*^mimE^t€:lU^l 54^1 

otwscir, ssmjgix^ 1 4 2 (omitm? 

[0 03 0] *«9B<0MR AMHUSrtt, eS^etn^^ 

1 4 2(cEnfln^n^>mjE«v s r&&<D-c, sasigCi^ 

-C^^o b^Lfc#e>, ^>f r >lM 14CD(^ffltcJ: 
D, tB*J«l 5 4(cSD51Elt «@O^I±it5IKtc+ 

MRAMBBttt. SBMlfifiaR^ 1 4 2 ^jSHKcofttf 
tl/ciB«!5R MOSF7>^X^130 <Djg$x^A^r 
C\ ^SC^«, fi8meta*^f 1 4 2 ©«»l!SJStb*H-» 
A^<Kti^C^cbLT^, (2 ) ^C0n>f r >1f 1 1 3 

-l i6(Dgtc, ^ffi$i^T-ccenftp*r^mjEv 5 , 

fiBSlfitaSR^ 1 3 7-1 5 2Cr>mmJ5tAffi^J:^^>r 



> 



> 
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[003 1 ] *^0)MRAMii5tt 4 fStg-fe^«fiS^ 

loIKte, 3>7 r >1fl 13—11 6 ©SiSC , 

SSmffiinJSI^ 13 7-15 2©flUEU£ftffcb JzW&fUg 
J/3^1 3 7-1 5 2£B«Jirr&lIffVs K^O^S 

^c^ttiL^pjegr^^ £tc> n>f r >ifii3-i 
i 6co^m«^^ra^cctft>n, ^muiiKKttiJ 

gL^o 10 
[0032] £/c. m&lstcJiSlC. #E&&-Ctt, 0— 
©»7-Kgil 3 4CcS^$nrt^fi^ffi$t^l 4 

l, 143, i 4 4«:^s«l«:^^^n^ 0 t^^r, 

MOS h^>^*$ 1 1 0 <hEMiCC, MOS h^>>>X 

$io9 4 iii. 1 1 2*>^7cc*r^cb. m^imm 

-f-141, 1 43. 1 4 4«Cffi»Sftfct»«*. *ti<? 
ti. Htf3igll53, 1 55, 1 5 B*6HB*fc:afefft,T 

[0 0 3 3] gfcfc. ^mLC[>m^i^«> S#ffKC 

n^vinca&au ^ 20 

MOS F ^ZslsTs $13 0 tfi^lsltCtZ*) , 
Cft£I*|B#tCMOS h^>^*$ 1 2 6^^^tC^^/c 
&tc, MOSh7>^X^l 10^7i^otl^ 
C*i*>©MOS h^>^*$©*.V * ^©!®#tti£ 

[ 0 0 3 4 ] 13 3 tt, #f£BJl©g^©ffi©^f&£^-r. 30 

S3tc^i//cMRAMDK^ m^mazm I fc^nC/c 

^olSgl/c 2 #©-fe >X^(cm^5 ft/c 2 ocDS&mtg 

Sr*fitn?K««c T & *>ttff fir * 0 . ©58 C 
j&JftttSUti^. 2o©3>? s >tf©mjE£MIbWI 

ilWS, C©[p]3grtt, 2 o©««ff!SJR^*ffltsi 
Tl fcT? h©tf$R£ietrrS©r, ia3lt^LfcMRA 
MEJggtt, 4X2 = 8^'^ KDt»«*8Btt"i-SiaiSO«l 

[0 035] JJ«C. «it««««tS« J F2 41 242 
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&f2 4 2tt-fejbr w©2*72?ijcc<a§ori>& 0 tt 

C»KXfa-*2 0 3fr6©<E^fCtJ:»3, MOSh7 
>^*$2 3 0#:*>Ctfr9. Chi^tcMOSh7 
Z/2/*$2 2 6#:*:7<tfc4. SEoT, 2trB© I 7-K 

3 4ttMOS h^>v*$2 3 0£/rbT&tS;* 
ft, S2R2 0 6* MOS h^>^*$2 0 9, MOS h 
9>2?X»2 1 7, -fe>^^2 2 1, BA»in3R?-2 4 

1. MOSh7>^X^2 30i, S 
SfctfdMi*. Sfc0tt<C* 11206, MOSh7>^ 
*$2 1 0, MOS h^>^X$2 1 8, -fe>*g*2 2 

2. «M&CifgT2 4 2, 9-FH2 3 4. MO S h 5 

>^^2 3 0o^ist'tiiSdiign^ 

[0 03 6] t^t©-fe>^2 2 l-2 2 4ttMOS 
h^>J?X*2 17-22 OlCJi-iXmmft <V 5 ) (C 
fflctlXto*) % SfcBIRSftT<,>ttt>7- F«2 3 3, 
2 3 5, 2 3 6 fc^ft-etlMOS b^>>>;*$2 2 5, 
2 2 7, 2 2 8K£9, (V 5 ) K«fcftTlr> 

£ 0 t©/ctf), §*fe;UCMOS h^>^X$$>£Utt, 

i^A^CCiOT^, -fe>Xi2 2 l-2 2 4Ktt^ 
tl-enV 5 *J:Cte^Sffl%?»2 4 1-24 4 ©Sin 

«a^6»5esti4^c# *©«sw«»ft*. 

[0 03 7] 2firB<D'7- F«2 3 4©i»RtC*fc(,>T, 
Yr r r2-$2 0 l©d^©m^CCJ:0 13?U@<D*fe>*g* 
22 1<t, 2^J@©-fe>^i^2 2 2*fjg2R3ft&. C© 
B$ v MOSh7>^^2 09, 2 1 0^7^^:0, 

l&m<Dizyxm2 2 1 <!:2?iJg©*fe>X^2 2 2tt^ 
12 0 6rf»6$J98i;**a&#, n>f r >1^2 13, 2 1 

4cc*«3*ifc««*ittiL/a*«6, mmvm^z 4 

1. 2 4 2(Ctt®S^SEno^^ 0 C©*S^, 

2 13,21 4tc£C&«E, "Tfttofe, MOS h 
^ >^ $217, 218 ©A^ffliJcomjEW^T-r ^ 
di. MOS h^>^*$2 17,21 8 (OmZ)m<DMl£ 

(v 5 ) ummvtc^^^ (1) s-e^w^e>n^/c 

3>f r >1f2 13,21 4{C^D€>©miE©B#rH^I:V 
o (t)tt, (2) SCt7nl / fcM9-C$>&o 

[0 03 8] (2) iCCCTnb/tct^CC, r3>7 r >1^2 1 
3,21 4(C^D4«ffi©l*W^ttta»fitrt!R J F2 4 

1, 2 4 2©ffi£i^J:D^^WcC^ 0 Gtt 

f-*wr"c*5i#(c», aaajR*^ 2 4 i 

StattH. ^o, M^«tSIR^2 4 2*s<Bfi$feKSlr* 
ai-r€>i, ^>f : >"^2 1 3©mjiffiTckO^>T : > 
If 2 1 4©«EfiT©«FlH^b^#t>. S»(cEttf 
-$^"0"-C$>^i^CCtt, 2 4 1 tffiffi 

tattffi, ^o, ^Sla*^2 4 2^]B«!a«IBi& 
n>f r >it2 1 acDSfflaTJ:^ n>f r >if 2 1 4 

©mE(ST©B*p^{btt^5c> 0 *s— s«pB«aa 

CC. n>f r >it2 1 3 tt3^y s ly^2 1 4©^ffi©M^r 
H»WBS2 5 3r«)eo, *©«jgtt**K*au^ 
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[0 0 3 9] tmffli£&&<D^>'T>V 2 1 3<t:3 

V 0UT ( t ) = (V s /C) { ( 

[0040] cctR t , r„ wr-en-en, ag^ainm 

mzmi (©?5<tfr£-fe>**§!, ^gtt^. MOS 
h^>^**2 3 0©^j£ffi!n) t^)^ (3) jSK* 
C>r, mtf^VT^tfcr^SC*! PF, MOSh7 

^^x^oa^fflcomffv, ^2 5 0mv. aamffitt* 

^#ffifttnt«&OR L £10kQ, lSS!att^<D8#(DR 
n £ 1 2 kQ£gSk:|91^ftffi£<E5gU n>f r > 
t2 13, 2 14(0tei«f^2 4nsecit^i, 
fet&r-~*<£>" 1 n , w 0" iCfcCXVooi (2 4ns 
ec) &± 1 0 OmVCDW^ff 6Jl£t o 
K^CO^»DRAMCD-fe>^r>^ O 
A^tBE (f&H«ff) «1 OOmVgg^^O. 
CCO± 1 0 0mV<DmmZ®BlC&mTZ2>CtltZ&m 

[0 04 1 ] CCO||JteO^CCcfc^MRAM|iISS-C«. 

msmmm^ 4 1 , 2 4 2ccEpjjn$n^mBE«v $ 

*>£<D"C, 8BS«gS»{t^2 4 1,24 2£tegnT£fIff 

oc<b#T-£& e LfrOKtths 3>f>if2 13, 2 

1 4<DffWCcfc*), ^SftHiflS 2 5 3KA2> 

[0042] 3 etc, &m^)mf&mtisicffimT$>2> 

+»tt«*Hl buff *n*> ct&Vi* 

[0 043] <*6&t, Wa5Lfc<fc5fc: % [hJ-O?- KSi 

2 3 4tC«^5nri^aMffilA^2 4 3. 2 4 4&C 

feHatcws^am*. se^-cmos f*^>^*£2 0 

9,2 1 OiRiacc, MOS h^>>>X*2 11, 21 
2fc*:ncT*<!:, SSmataST-243, 244*CfEli 
Sn/cttfR^Bb*t(@S (ttttS) 2 5 4^ei5)8#CC^ 
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* >?>-*2 1 4CDma<DMV 0UT (t) tt (2) SttCfc 

* <h^^ (3) ^tc^Jc^^L-r^^ns. 

1/R L ) - < 1/R„ ) ) t (3) 

10 [ 0 0 4 4 ] a 4 «*:^<^ltecDffe<DJg^^7S'r„ 0 
4tC^L/cMRAM0ffi«. S*WCC«S3^L/c|p1 

Ctlt MRAMBBtt, Yf^-y3 0 1 Sr^tfYJS 
22[p|ffi3 02, m<DX^r7-y3 0 3£#t*Sfll<DX 
SiZZllS 3 0 4 , mKD-bfrTlsJZObto&lfm^HD 
YJB2U§IB3 0 2tt:*ft,-C, *n*ft*t»«ttffi«cE 
m2<DXr : zi-?3 0 6£&t*m2<DXm21 
20 0383 0 7, S2©t;l/7U^3 0 8 4 *>6*itJ?£i**iT 
l>£ 0 ^4ve*X<Diz;l/7lW3 0 5, 308&C:fctf&, 

ti4o H4(CtSI/^:«-C», Sl©WU^305t 
I*. 1 3KS*«6fa3 1 5-3 1 8ifitm2 

*l, I2©WU^30 8m •7-K«32 7tcB 
Hffitn3 2 8-3 3 1 3WS«SftTt>*. 
[0 04 5] CO>mt&<DBmzJ:tit£. SSI <D 

Wl/>f30 5CO-b>^!^3 1 0<tV- F«3 1 4(C 

30 S2©Wl/^3 0 8©^>^3 2 4 49-K 
S327 CCjg^?n/cSiSffitS3 2 9 ^6<DA#«#HR 

JaST-3 1 9, 32 1, 3 2 2CClEtS^n/cttf8fe, S 
9d«i|@S3 3 2. 3 3 4, 3 3 5^t, ®gtSfix3 

2 8, 3 3 0, 3 3 IfrhVm^ttl&ThZtxmi 

3 0 5<D*7- KHK3 1 3CC&M3ftfcgig&Si3 1 5- 
40 3 18ii, i2©t;lTU^3 0 8(Cffig3n/c^ffi 

[0 04 6]fi^oT, C<DHtllOJgJ8CCj:5MRAMll 

*m^TC*. Sffi!5tS3 1 5-3 1 8, 3 28 

-3 3 1 ^6CDff#€r#Ba^-^5Cffil^C<hr, 

^coaa W < , iSHa^o ^ P -fe ^ « 6 o # k >ct 
50 t/h3<Roc4«t4 0 Uft>l/&*s&* 3>f r >lf 
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nfcea§«gsi. mos h^>y**<D&ffi#*£i\ * 

1>±LT&, (2) S;C0n>7 t >^SMC, 6£f«gta 

[ 0 0 4 8 ] as &*, *ftw<Dmm<D{&<Djtmzjfi?. 

HSCCtfL/cMRAMHSSW:, g#to&ttt^4fc:^L/c 

CCttt, Yf3-^4 0 1*^YH2@I84 0 
2, Xf r n-^4 0 3^^X^0384 0 4*50:^^ 30 
;UTW4 0 5*>6#fj£3ft£o 3 

f3-y4 0 1 iX7 r n-^4 0 3CD®J^^^5>^^r 
SKSlUC^o XJ§ffi[H&S4 0 4tt, SalBCDSHJfe©^ 
«tC i&$ 3 tltc fc O <t 12 tfpj c r & £ D 
[0 04 9]—*. Ymm®&4 0 21*, Yf r n-^4 
OK htfYT^-SM 0 1 «CJ8ift3ftjfc»5©M 
OSh7>^^4 1 0, 412, S6©MOSh7> 
^J4 1L 4 13, cn^OMOS h^>^X3?4 
1 0-4 1 3tC&i&Sft/cmiS4 0 7, y-bCcYx^ 40 

-^4 0 ifr^omxtmmzti* &m>immimft 

T^7^S8 0MOS h^>^**4 1 8, 4 1 
9*5J:£>'4 2 0, 42 1, y-hteg?S!WBEai$4 0 8a> 

2, 4 2 3. Km&ffl&$ft1tx>7 s >1t4 1 4-4 1 
7, ffi;ft£t6m'f£H»ti*S^4 4 6. 4 4 7^^ 

[0 050] C<DHI6<DJ£iK-Ctt, MRAMBB^fK 
#3&Gt&£ MOS h^>^^^4 1 0-4 1 

3te*>t^Cfr-?T:teD, :n>ir>U-4 1 4-4 1 7 50 
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<£>B#, MOS h^>^**4 1 8, 4 2 0«t>«3S 
r. M0Sh7>^X^4 19. 4 2 n*;*:7t#g<tfr 
otl^. Stot, MOS h^>^**4 18, 420 
^L-C, 3>f>f4 14, 4 1 6±Jgj^3ftT(,>& 
S9©MOSh7>^^42 2, 4 2 3C0A^iH4>^f 
M»lEt^§ fl Jfl9<DMOS h7>^^42 
2. 4 2 3(J t t>Xig4 24 4 4 2 5 fe<D&MK. 
tcGMS? Ztc&icmi btxtcMO S Y^^sVTsZ-Qlh 

[005 1 ]$9©MOSh7>^^422, 423 

omxmcDnmt. w& nss?4 o 8 (D^-r^smn 

E (V r «, ) I90MOS h"5>^X*4 2 2. 4 

ri&ESn, MOSh7>^^422, 423(DA# 
ffl<DW£ (V 0 ) ^ttLTfea^dJcomffi (V 5 ) 

x»-er. ( i ) sr^enSc c<Dtc&. t^t© 

iz>*igl4 2 4, 4 2 StS^tt (V, ) tfcS&:£>£ 0 
ftf&WirckJ:, ff£l 0<DMOS h^>>>X*4 
2 6—4 2 9tC<fcO*r^rco»7- K3S4 3 4-4 3 7iJ 
WM& (V s ) RBlcSfchtlr^. 
[0 05 2] WLtf, MaJfflK^4 4 0tc«^$n/<: 

^&CJ:9, 01 lOMOS h7>^^43 l£*>, 
l*]B£fc:3n 0CDMOS h^>^^^4 2 7&*7±? 
-So CCDJSm, MOSh7>^^4 10, MOSh7 
>>>*£4 18, MOS h7>^^422, K^tStS 
3W-4 4 O^il^T^^ijSn-So CCDB$, -T^TO-fe 
>Xi4 2 4, 425(iMOSh7>^^422, 4 
2 3iC«fcO, jM!R34rtt,>&(,>'7- K«4 3 4, 

4 3 6, 4 3 7 fcf n-eni 1 0 ©MO S F 7>^X ^ 

4 2 6, 4 2 8, 4 2 9 Q*7tKSBCC<J; 0 , (V 

4. 425<as, zti^nvs toxv&mmtmm** 

40, 44 10ffitafit^6^S$n^A^3<D^Sfc& 5 «£ 
tlZ> 0 Y 5*3-^4 0 1 <Dfyt><Dmmt&*) . M 

05 h7>^^4 1 01**7 n>7 =: >^4 1 
4CC*«3hfc«««riWil/te*J6, fi^Stn^^4 4 

4CC^0*«BEW (2) stcfie^r, ©T*r«2>o 

[0 0531 XK, -3E»m»a««: t -^wcc. m 1 

KDMOSh7>^^^431^:^7, cnil^^C^ 
1 0CDMOS h7>^X^42 7^^>i U, eSMtBin 

^44 ozm*)Wttix<,>tcm%L$:±a>z> 0 *<d'&> m 

#ii*0S8*ttf¥S#r. 1^8^4 4 0^" 0" 

MOSF7>y^^4 18^7 k M 
OS h7>^^4 1 9^>%tcT-2> 0 SO\ MOS h 
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7>^^43 l£*> k £11 0OMOS h7>S/X^ 
427^^7it^<!:, MOSh7>^^4 1 1, M 
OSh7>^^419. £!9<DMOS h^>v>X£4 

2 2 . atusifiss^ 4 ocDtisrit^ifctt*. ;x 

MOS h^>^X*4 1 l^r^^i-r^t, 3i>r r 

^4 4 0tcwm^^ti^^> o C<D*§m, ffi^fiin 
^4 4 0<D#Mtt®«:j£Cr, 3>f r >^4 15CC^ 

[0054] SCK. —SB#ragil^tC. Iff 1 1 ©MO S 10 
h7>^x^43 1^t7 4 Cft£l5jB$K:MOS 

^X*4 2 7£*><hU »^&i^T-4 4 0£jI9«£ 
ftTOfcmiS£lk£>, n>-r>^4 1 4<hn>-r : >if4 
1 5®*EE2*Sft*M«4 4 6£flH>T. ftWT^. 
ii^, ®^ain^^4 4 0CC7C(D7 r -^^WS#iA^ 

■fe X « h o £ fc*hr £ [el&gttfpcD^ttlc Mtvr l > * 0 

^act^4 4 0(cwtti5n^mffi«v s -c& 

£crre, »3nJ£ta^4 4 0*K«T*^JE, 3>£l>&* 

(teas) icA*sn-&«ffB+»*stta-c^:*<r 

r#£o 5*>fc:, MRAM@88<DS2*fflLjSK«> £ 30 

[0 056] falBMRAMlelKTii. E8M&f/i3l 
^ii^jK:o<C3ft5tiytlB»aEtS. MOSF7>^^(D 

+#A£ < BCtlttl* £ Ltfe, ( 2 ) >^>V<D 

sac fi8»»ta^^ccwtti'r5miEv s , ®g«g*s^ 40 

"Cta. S/c, MiSL/Ccfc^CC, *0|«-e», H— 
- FUR 4 3 5ecStt34arc*S»»!StSSR J F-4 4 1 fcH 

"e^^c 3 MRAMlPlffi(DSI^mLB^(D?Sa^^ 
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[ 0 0 5 7 ] B 6 «*^9S<Dlli6<Dfe<iWBS4^^. C 
lt*^ 0 CCtH -tr>*gS5 0 6-5 0 9<DmtiL* 

*K>jEnic$mr static. Jttsss 10-513^ 

tt, WMMOS h7>i>^^5 0 l-5 0 4(Dy 
-htCA^Ur^a o ifc«85 10-51 3<DIECDA^ 

amm) K^*EES5 0 5tcstftsh. hud a* 
(ft»a> ^-ft^*vk>*ia5o 6-5 0 9tcfftt 

W«EEW5 0 5©«ai«EEJ:»)ffiC»»^«:« % MOS h 
^>>>X£5 0 1-5 0 4<E>5^ 2tJ£T£MOS 

•fe>^^5 0 6-5 0 9<Dn{iL&$)tf cn<bte&*t 

(c. <5jn^co-fe>x^com<4^smmiEse5 ososig 

mJE<fc9ii>t>*t^lCt2, MOS h7>^X^50 1-5 
040^%, *fj£*raMOS h^>^X*<oy- hMEE 

[0 05 8] sWMBKJ:?), SSjgtf e>o^tc*tOr. $ 
5Ettff*5pItettMRAMHIIS^»6nfc. COS 
8SB, MOSh7>^^50 1 -5 0 4©taSr3>y 
^^>XiCj:a-fe>X^5 0 6 — 5 0 9 <DmtiL<D%3h *> 

i6^Djf6r^>ao ^/c, CCTU MRAMInlK^ib 
ff*©»»fW8P*tf 5il«W5 1 0-5 1 3<DW*5*U 

[0 05 9] ttte, I6t1it>^iS5 0 6-5 0 9<£> 
«ffl*J:t)iEBWc«iJfflr5A:8e)tC, Jt«S5 10-51 
3£g*£mEK|S5 0 5tecfcO'MOS F7>^^50 1 
-5 0 4ra(C»ttL/cfc(0£SLfc#. ia«(0«Jftcr)jt 

^sss 3 <Dmmni£U2 o 7 *jj:^mo s h ^ 

^2 1 7-2 2 0M. H4C?>S^miIgP3 9 7te«fcC/M 
OS h^>5^X5f 3 4 7-3 5 0 H <h £i£SjE5P 3 9 8 
WMOSh7>^X^37 7-3 80ffl, 0508 
W^BEa54 0 8teJ:^MOS Fv>^^3?4 2 2 . 4 2 

3Htcs^r«>j:<, c<Dm^^tm^mmc±x<D^ 

[0 06 0 ] 

[«980S»*] e(±IMiCft:J:9U:« *»W©MRAM 

mssB, »(ch>*ji/safiB«aeiaR-?- (tmr) 
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jb^o, eswn mmm) icAJi2tiz>mmz+ 

[006 1 1 *fc. *:^QMRAM[°llS<D^ai/ii 

i msmtm* i>m micm? u -cm* m-r c <l # 

« 6 o £ CC M t Z @ KUtrffiOSJEtt C C <g*i £ M R A M [el 
[0 062] 3 ^^(DMRAMi*. &-fe>*iS 

-racers*. tt&mmcomi&frtoL&T 

[ H 4 ] 3*%9a©HJfi©ffio»ISK: J: £ ttSi 5 > * a 
y * -fe x y * 'J IHKi^flellSHr* 
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[07 ] f¥^cr>«tm^>^Ay^*fe^y^:y[iK^^ 
[08 ] fi£*©$e>ccf6<D?am^>^Ay ^-fex^* 
[fHlcDSMB] 

1 0 1, 20 1, 30 1, 40 1 Y^n-y 
102, 202, 302, 402 YJ3i2H]8S 
1 0 3, 203, 3 03, 30 6, 403 Xfa-? 
104, 204, 304, 307, 404 XJ§22@8S 
1 0 5, 205. 305, 308, 405 -teJl/yu-Y 
1 0 6, 1 08, 206, 20 8, 407, 40 9 M 
M 

107, 207. 408, 505 SUSSA! 

1 0 9-1 1 2, 209-212, 501—504 m 

1 ©MO S h^>i>*£ 

113-116,213-216,414-417 =J 

1 1 7-1 2 0, 2 1 7-220 SH2CDMO S h 7 > 

1 2 1-1 24, 22 1-224, 3 09-3 1 2, 3 
23-3 26, 424-425. 50 6-5 09 -fe> 

1 2 5-1 28, 2 25-22 8 Iff 3 <E>M0 S b ^ > 

1 2 9—1 3 2, 2 29-23 2 S40)MOSh7> 

1 3 3-1 3 6, 2 33-236, 3 1 3, 3 1 4. 3 

2 7,4 3 4-43 7 KS8 

1 3 7-1 5 2, 2 37-25 2, 3 1 9-32 2, 4 

3 8-445 BBESSCSR^ 
153-156, 255, 256 ffl*3» 
157 

3 1 5-3 1 8, 3 2 8-33 1 SiglSlfi 

406 ^^5>^3>ha-7 ^fWfflJia 

4 10, 4 12 glSCDMOS h^>^X* 
4 11, 4 13 ^eOMOS 

4 1 8, 420 ^7(DMOS b?>VX2 

4 19, 42 1 S8OM0Sh7>^^ 
42 2, 423 ^9©MOSh7>^^ 
426-429 151 0CDMOS 
430-433 fl 1 (DMO SF7 £ 

5 10-513 ifc«8 



(12) 
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I® I] 



[H2] 



102 



153 



154 



156 



156 



101— { 



^106 



107 



Y-decoder 



109-' 



117 



5 



110^ 
"Ml3 
116 



5 



111^ 
x 114 
119 



108 




5 



137 



41 



145 



^149 
M21 



112-^ 
£^115 
120 x 



^116 



138 



142; 



46 



160 



39 



143 



147 



122 



M51 
M23 



133 



140 



134 



144 



135 



148 



138 



M52 
M24 



■104 



105 




508 



507 



508 



509 




[133] 



.-202 



255 



256 



201— [ 



206 



Y -decoder 



207 



209 ' A 

253^1 

213 
217 x 




hi iJ 

218 



208 




203 



\211^ 
V 210 



214 

215 
219 



MS) 



237 



244 



V 245 v 



^221 



220^ 



212 
254 

216 



^238 



242/ 



248 



^ 

v 250 

^222 



it 



239 



243 



^251 
^223 



233 



240 



r 



234 



244 



235 



248 
/ 236 



252 
224 



204 



205 



(13) 



4$g82 0 0 1 -3 25 79 1 



[094] 



[05] 



306 



307-. 



« • 

• « 

« • 
« • 

* * 
< • 

• » 

1 1 



323 



* « 
< « 

> • 
« • 
* » 



» • 

• * 

t » 

• • 



^324 
S 



328r' 



325 



.329; 



330 



326 



331 



327 



397 — 




'tlllltllttlltl 



304-. 



303 ^ 



315 



319 \ 



7 

^309 



316 



320/ 



7 

^310 



317 



321 



7 

^311 



JL 



313 



318 



314 



322 



7 

^312 



306 



302 



.402 



446-H MtoitMse | ^^fgBfeal 



Ttmirg I j 
Controller 



Y-docodof 



410 /l illY|N411 412>llAY(^413 

418 ' T W-419 420— P'T ^^421 

414--i i — 415 s-± ±—417 

A war MP 416 ' 



305 



409 




422 



438 



A T 
r ^440/ 



442 



\ 



424 



-404 



] 



423 



434 



439 



J. 



435 



441 



436 



443 



JL 



437 



445 
426 



'405 



[07] 



601 — 




P 
I 



r 

602 



77*7 



f\ 



i ■ 



• ■ 



■ i 



603 



HI 




















y 


y 


y 


y 


y 


y 


y 





7777 





606 



(14) 



&m 2001-325791 



—703 



701 
) 



nr 

I 





y 


y 


r 705 


y 






^706 


y 


✓ 




,707 




V 708 


V 709 


Vio 



702 



O 
T 

I 



—704 



